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Carbon dioxide (CO,) is the greatest contributor among the major greenhouse gases covered by the Kyoto Proto-
col. Therefore, substantial efforts for the control and reduction of CO, emissions, including increased efficiency of
fossil fuel energy usage, development of energy sources with lower carbon content, and increased reliability on
alternative energy sources, are being performed worldwide. However, development and industrial application of CO,
sequestration techniques are needed to meet the requirements of the Kyoto Protocol. Among the CO, sequestration
methods developed, geological sequestration methods such as the storage in deep aquifers, deep coal seams and oil
and gas reservoirs and the mineral carbonation is considered most favorable because of its stability and environ-
mental effectiveness. In this review, geochemical concepts and technologic development of geologic sequestration
technology, especially the storage in deep aquifers and the mineral carbonation, are discussed. The weakness and
sirengths for each of geologic sequestration methods, are also reviewed.

Key words : control and reduction of CO, emissions, geologic sequestration, geochemical councepts, technological
development
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27t A=l E FdsiA Hel 19959 7Eoz 24
7t wWiES s @ A%, el AAle GDPY
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5 Btk AeAe) ds & WsE Joqinks Aotk
(Feely et al, 2004; Sabine ef al, 2004).

ool w}, Mzl 9ol Az oSl AE el 7}
= oliklekd AFEFA) AE e sl g
g Al e NS st 9 rh(Schraufnagel,
1993; Bachu et al, 1994; Tanaka ef al, 1995;
Lackner et al, 1997, Hitchon et al, 1999; Ivory
et al, 2000; O'connor ef al, 2000; Bachu, 2001;
Gale, 2003; Gerdemann et al, 2003; Akimoto ef
al, 2004; Voormeij and Simandl, 2004; White ef
al, 2004). olatalgtad] A5 MR /EHOZ o4t
gletag JAE Azt £l AAEAA XS
oF Aztef] MR Re Woltt. d, o]itslela A
Z A5 ubRe ojakslebhE ATMATIEE ¥
FEgle) AdEel gtk &, oERAE FA) F
A AS AHe) FYETF Rokr] §A49 g8 F
7)&b (Aycaguer et al, 2001; Davison et al, 2001;
Moberg, 2001; Whittaker and Rostron, 2003), ©]4t
SIS ARl YT Afole s o2RE o
gro] sl Wgks pahe 7R o8] ¢
UHSchraufnagel, 1993; Hitchon ef al, 1999; Ivory
et al, 2000; Wong et al, 2000; Mavor ef al,
2002; Fokker and van der Meer, 2003; Reeves,
2003; Law et al, 2003). o218 Pore £H¥
olitstet vl TR FE9] BhA ABR o &F7] AP
of AF2{Q] ojakslebhe] AE WS HH| ¥k o}
A HI2oll= oltalekd AT HE WY F 53] o
3 (aquifer) A E3 ZEH4Hd S (mineral carbona-
tion) el disl B A7E 3k vk(Bachu ef al,
1994; Gunter, 1997; Lackner ¢f al, 1997; O'Connor
et al, 2000; Gerdemann et al., 2003).
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Fa AAH] ArNEL o & dart v,
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) Ad g A2 vl = ok A5 AR 7)
< F4/7F=R HE(CO, storage m oil and gas
reservoir), A1 ¥tZE A E(CO, storage in coal seams),
e AE(CO, storage in deep aquifer), ¥HF A
B(CO, storage in salt cavern), ¥3td 4E3k A&
(mineral carbonation) 522 7E& 4 ok zev
ob zt A& 71ee] WA gojo) thsle] FAIHe §
oJ7b o] RojA YA o, ol B =FoAe
Voormeijj and Simandl(2004)9] =&-o* 73 &5
ARSI B Fellxe o] F e 5 1S,
Zytel] seleliA AL e AE olikslekn HE
W st ek om AvlE Aejr)

2.1. R8/7tAH X E(storage in oll and gas
reservoirs)

211 A8 59 FH/H F A E(storage in
depleted oil and gas reservoir)

=]
MoEA, 4% L ket dhsE £4
E}

i=}
g2 gt zdo] oju) ol st E MY 4+ 9

S A& AAHZ UtkBachu, 2001). 22} AR
F frolle gutzog AE A ¥l Wl HA
oSS HEE ¢ U= Fo] FEA] &L 7o)
2= Abdoe] AHE7IE ok W, agte] olbsleka
FYshe A Fo A overpress)o & Al Fd
E4o] 7+ % oM (van der Meer, 1993),

T80 M E &de] Z F Ao gEA Utk
(Hitchon et al, 1999).

AutA o2 2|34 F800 m o) )e EXdhs 71~
A= ojitsletAE 3 AR-Al (supercritical fluid)2]
el AAsldorsitivan der Meer, 1993). ©)&1%
7heR e JIAE AR WE A AFE 2As
2133 o] AZE e, ojiksiehi 948 B3
A A&, 9 7kart Zedd el hEe &
Ao 2N FF FAE W F Uoke Aol 9
thBachu, 2001). E£3F 7k24S Adalr] 7 7)=
Ag olgst olilelEAE AEE 4 glomz A
B o814-8 A7 = 9le Aol itk ey g
HAGA AAAE FAsEAe] At AA o
3 27ZE Age =y, g {28 A%
Ao AFrasE e £ 7] gE e HI2e A
FYAES FREA odslEAE MEdle A
& AR 222 434 ArhUS. D.OE, 2002)

2.1.2. 71 F2A KA F A HE(storage in activated
oil reservoir)

£ =ol7] Y8 olnl £4 F ARE ARSI & 7]
%o|tk(Gentzis, 2000; Bachu, 2000). o]|#{3t #x&
‘COy Enhanced Oil Reservoir(CO,-EOR)ol2} 3t}
(Fig. 1). &, A3} 800m ©lde] FA4el olitaleas
A (supercritical fluid)2 FYsPHE o] FAl=
249 E3t7F5eHmiscible) HEHIE Eo] Afo FA
S(viscosityys A7, A= F99 T§E o
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Fig. 1. Conceptual sketch of CO,-EOR technique (after
Emberley er al., 2004; White er al., 2004).
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EnCana Co.'s Weyburn Midale Field
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Fig. 2. Location of the Weyburn CO, disposal site, Canada (after Durocher et al., 2004).

et al, 2001).

oln) stk WEFES Pan West PetroleumA}2)
Jofre Viking EOR &M= @] §4] €8¢ %
A ER LR eIIEE AF AR daglel)
olMsiekig ol Uk Sith vh, Ak Ak
74 2H(Saskatchewan)2] Wey Burn -+l xye= 2193
o2 wiEH oA E FIFro =M ol A
% A& i€ CO,EORS 33l QrHMoaberg,
2001; Whittaker and Rostron, 2003; Emberley et
al, 2004). ©] F4l MEH= olkEgkie n)F =4
THER] Beulah @St Lol A 21024,
°oF 320kme]] o]2% wo]ZalE F3) 95% TFELE
AAE 2L s 500084 o]F3ial UrkMoberg ef
al, 2003) (Fig. 2). Wey Burn §4¢ A& &&&
65°C, 92 145 Mpa=A] ollslebe IRIAGAIZ
FolECh oy 324 S 4] B oo ojits)
R} OA] wh Lol o] absiekay Aol tidh HlE &
§o] z2slE ZAer FiA rHDavison et al,
2001). Wey Burnoll#] 58} 32! CO,-EOR ®iel=

55 AR EE 2F8YY e, ol #% A
uh AA igte] Y Alle SlERe
oAl 23] kg Zlelt)

vt FRalEFoA FelE FHe] At Aol

%% AR

21, CO,EORA FSi8he oliksletie] ¢fgo] =
S 7S¢ verkart o2 RE Aojue) A E A
oA AstElE dAdo] TEFEYL ojEjd AR
CO,-EQRe| R & HZeo] B4 9L vld &
A& vebdchKlusman, 2003). PI5He] AF ElAls
M= CO,-EORE #&sla glov}, 3808w T
YE oldElgtaT A2 A4l 93 oAl WA ot
QA "oz olilaivth Aol Sa= HME &
oix x)H " vl o Aycaguer ef al, 2001).

2.2. MEIE X{E(storage in coal beds)

o] WHE AetE v 4(CO, enhanced coalbed
methane recovery) 2% 4## 9low, CO,-EORT
DR E olibsleAE AEel FYdoas dig
7k B|EE Eole WROE HRE i AR
5o} $rtiSchraufnagel, 1993; Hitchon et al, 1999;
Ivory et al, 2000). o}4t3idae Mee) dish CHel
H)gke] ok 2u) A s 8= (affinity)E 2=t o]
Akslebd Bxl= My o) SRR vg x5 ¢
Fr7ozH AL E(deatys WHeol vlgte] f-54S
=AUthFig. 3). e HZ d7eMe olEleAaE
A& FUAst Megol FEo| 22w (swelling) 4
gkxo] 43 (permeability)o] ZAshs AR 934
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Fig. 3. Sketch of primary and secondary pores in coal.
Most gas phases such as CO, are existing in matrix
(primary pores) but are transported into secondary pores
(cleat) (after Voormeij and Simandl, 2004).

tHFokker and van der Meer, 2003; Reeves, 2003).
b b (hydradtic fracturing)# 7ol B54&
Ls)e Fol] o] Algisofof gl

AERE 2B Ax] Ffutiolr] as] AEE T Qi)
MR Atie] derze 1199 Bo o|aslaiE A
Ao 2 Qi e e AT o] e B2

offA] WA EE ofkslEkAE 30004 E9F HYEY

AT el Gt old, dnjetFe] A-r9Hs
(research counciyollA & 760~1,100 m #}8}e) AJeks:
of olsktEaE Agehs e AT Fol ok
(Wong et al, 2000; Law et al, 2003; Mavor ef
al, 2002). Vggh=e Aol ojshd, U=
47\ 1°%9l MRl 2R = Qli= ofilsiekie] <
of of 54 wl7kEoM )7} B} =Y,
a3 011’\1 HERS ARE AMEsh: HHAE oilsiE
& ﬂi’—xloﬂ A4 Ag ez a9s Al 4

I CHHamelinck et al, 2002).
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2.3. & X{E(storage in deep aquifers)
i3 (aquifer) &2 oiistgtag X[5hee] £3)
ANA A7IZE Ardshe e SRt FAle E
Aok Adhe] wHE A &Py} FEshs
JEr FHH Ao Hesta 9l
CHBachu ef al, 1994; Korbol and Kaddour, 1995;
Law and Bachu, 1996; Shafeen ef al, 2004). W5
Foll oltshd g Aitsh] —?lﬁ’ﬂ’\i% [
HEFE@auitard) 2.2 B Qlofok sk ofilksiekA
bk Qe gl ﬁﬂ% ol ook st
(Bachu ef al, 1994). 5bH odsleig gupxo=
Flal7] Qlefirle tage] Fade Solot s 7
O

yhek E}H‘T{ Zol7F 800 m o’del 74

] i(;é :“:11
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AR FUE . Gale003)# Bachu2001)xi €
sp, o] NBIEAE 2597F FUT A4S 10~20%2] ©]
Ahejekd Tho] £alEH, faEA] 94 olisletAe
plumeg FYstel the3 42e] RS ofefel wol

A Feza o]kalgrag] gajukgo] T go] "otk
T AR whi olisigts: SSEE UM 1'7
plume H4L =7] f3iAlE ol lEleAE Unrt =
AElR FYdiot s, ol& Hslirs olitsteta
oz FafoF shta RS v Ut w29 1 ol 4]
B 1996358 97 W7HES] ol ibatEt s flsh
(offshore)?] 445 4ol A& 2 DP(Korbol and
Kaddour, 1995). 71}tk ehielo s Agksieibd i
oA} whAt ol ibsletAe] HEe] HHAE A 9
3 T EA dist RdEE A8 }“E—L‘ﬂ o|&

Eajo] AP gol Fpade] W gl
T tape] opdislebag Age 4 9leg w9l
THLaw and Bachu, 1996). j=} gle] el M= 5%
o thEoll o kel E AATINS ol olgEr
429 ZJ]%*]ZF 2237 et A A v e
o, FeiFo g oliEktas s SallE el o
2o AASAE A AFAGNAME oF 1,000d F
ok olztslelAE AFY 4 Ay Bskth
(McPherson and Cole, 2000). ©j213+ ti45 &2 o}
e} o] Feiedskal =l (hydrody-namic trapping)t
Ed (mineral trapping)® = ¥k

e -
g_ﬂ

231 et Eqy
o] 7l&e olilsletAE AE HFE AskE
falg Jaz Ashs deldt. 1] A
WML ol ilslgtaE Aehet FUG £EE %
s =M w3 BEt A9 AFAEre] f55Ert
ek 1~10 cfyearths B8 TQMeCHA, o) ibsheka:
9] #FA)7Hretention time)}S thEk 19hdelA 1094
°ﬂ olZ4 ¥tk Bachu et al, 1994). 5502 F
ojxtgEr ATt g4 AFE Alolvhg Aeelk &

iﬁ}ﬂﬂ(vadose zonellA 2231802 A7HE & k=
A7 AAe @xE v ArOldenburg and Unger,
2003). &Y FEEUFE] FHEH FE] o
2} Whol =274 JFe = BXgre] oitsiea
7} A 87 A o8 R AUdA AFEY

tHOldenburg and Unger, 2003).

232, 4% B4
eAld #3535l 2 E(mineral carbonation)s} f+ASH



MEoR2A, olilsteig sl S8iAA Ak
=9 TR WS E7E R 2314 0 R B
FEE AAES sh= A WYS ovdt(Bachu
et al, 1994). 5, o] 7|&2 24 2UFEGHIE Z
)2 AAH FEeS o83k Aelth CaAld
A (anorthite)e] FaE-S o2 EW CaAPd e &
9 ojakstelae) whealed 18 A (kaolinite)} WA
(calcite)s YA FHHA 1)

CaAlSiy04 + CO, + 2H,0
= Ale]gOs(OH)4 + C3C03

&y

U ojitsler

ok, AF AAE B
& 3 ESH ebds] EvhEd
2 4d¥ 4 UrHGunter, 1997). ule}A
2 E™glol Aol Ad7HQl ojitsigka Ay
ool E-afaL, ofa] oA Eubs] HEERe &
2 AL Z o)== &S tHBachu ef al, 1994). 2
e} 2 B@=eME Sl ollaletig AE-s)
= et Ao A FEe] AE Yol e XE
RS ol-gsl 2F Ashs WekE sk At
(Koljonen ef al, 2004).

Y 8 gz 7
Lo AAEt S

g, tipgos OI*@} dag FUL g F=el
Sal/Ad 9 Alshee whgol gt HYPEst 3 vt
SEHEEA AlEYold 23, 35H26 Mpa)o & o]t
RS NN tiFol FUAE gl &
o8y EfigRre 4 EJT o] olisiga
A &gl o] d%s] wuhe Aol WEATHXu e

al, 2004). o}=d#, A}f’l&é A9 80%, KA
2%, APEA 1%, S 5%), A BHE(EA: MY
50%, AP 18%, A4 8%, AZA 2%t TEY
(dunite; 2A4): 74 94%)0 theh X pshskE kg
ANEYelA AFE 2, NS Zolde BE oA
A F5Ho=Z pHe 57HA Helzil Eh: 0.1714)
rz=aldch, A, Algle] ALol= 2vbd, W EH
o] ZAgole 4304 0|37t HY olslRAE 8
b P ooy BEQ F8) Whgol HE E‘*ﬂxlﬂ
Fpote) ol Yol mesx ¥x

Ack A gEge] Aeole %%}Dlﬂ% 100
go] olaslhaag xmxwwa & Qe W, At
17kg, Y HAEL 90kge olsletrs Axg
ATk 1A é%‘“"] 7% 23} AAFEo
=& dopizy] wiiel AAH o)iksleAo] A
gk AlEHA AgkE FAe g Ao

f
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carbonate minerals in reservoir afHoew gaEy 98l FIHATHFigs. 5, 6).
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Fig. 5. Change of carbon-isotope composition of groundwater t}. Emberley ef al(2004)7} Durocher et al.(2004)2]

by the application of CO,-EOR technique in the Weybum _ N . _ S
site, Canada. The carbon-isotope composition of dissolved A7 Al efshd, of Aol et Fudd
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Fig. 6. Change of carbon-isotope composition of groundwater before and after CO- disposal in the Weyburn site. Canada
(atter Durocher et al., 2004; White et al., 2004).
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Fig. 8. Various techniques of oceanic disposal of CO, (after Voormeij and Simandl, 2004).
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Fig. 13. Solubility changes of calcite in terms of partial
pressure of CO, and salinity (represented as the increase
of Na concentration by NaCl dissolution) (after Drever,
1997).
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100°C.
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Table 3. Acid hydrolysis reactions of silicate minerals (after Gunter et al., 1997).

Mineral Equation K value
2NaAlSi,04+9H,0+2H" = AL Si,05(OH)g+2Na*+4H,Si0, 10038
Albite 3INaAlSi;Og+12H,042H" = NaALSi;0,o(OH),+2Na*+6H,Si0, 1082
2NaAlSi;04+4H,0+2H" = ALSi,0,o(OH),+2Na*+2H,Si0, 1049
Anorthite CaALSi,0g+H,042H" = ALSi,O5(OH)g+Ca®* 1067
CaAlLSi,04+2H,Si0,+2H" = ALSi,0,o(OH),+Ca**+4H,0 10?130
Microcline 2K AlSi;0g+9H,0+2H* = Al,Si,O5(OH)g+2K*+4H,Si0, 1052
3KAISi;Og+12H,0+2H" = KALSi;010(0H),+2K *+6H,Si0, 10711863
Muscovite 2K AL;S130,0(OH),+3H,0+2H" = 3A1,S1,05(OH)g+2K* 1081
Z k3Rl A& 9 vlozet 2afke] iR T o upEtA] o] ¥Whg2 AAHel ghA ge] & 1E)E ¥
A R 3 ZIAE Qs 71E HE FEol W AJslaL it
He A9 719WdEs ol L oo} o] Rig-E2 gEue] frlees Ask W 85 oREg A
B ALz o] FoiXint. ebdEEst A slEANEe-g Bl WslhAlzl=d o] Fas 485
B3} Bk, 53] oldbslea A7 g3t HY = ghc}, olE gt 4kslAMINRE-2 t5e] vieglolo] ¢
& & (olivine, & 2)7+ ARE4(serpentine, 2] 3) &) X9} 71 g5 s §UEE A HlE ¢
9] §AtEsl ghgo] H B AFREe] s 47 Mg uhg|golo) o8 §7EAE 2PAIA Eh(h
=7 Jti(Table 2; Xu ef al, 2004). st els RET of & sk Aol

B9k f7)80] 23} ofs) EYF ojakalekae] F= 2 o 91 THTable 4; Stumm and Morgan,
o ti7lell wis) oF 1008 ol Foldoh tigel & 1996). Table 49} WHg2lo|A & 4 QiRo] R718&
Aohs F71EE AskpE ARIME AAF 2usel,  CHOZ 05390e o, welelold] &8 47122) 4
4E BE OJeE AHBUGEY FoBM S 8 o] WS AR Fiolee mHw o]
& sl o® A o3 frgAE TS A slEtart AdE olitgekAae pH 27100 wet of
oz U] Fo| oldsteiarye N@TDHe, A Badom gHgons Aty delve 3
t5ZdA] oisleag Balwo] HAETHEg, 15) 7N ek, oleldt d-e] e exE frlEn

4"\ _8“
———— 20,0 30
NO, |N,
0,
Reservoir \2*
MnO,|Mn 8
Sun NO,|NO, 8-
H0—>, No;NH, \% [
Photosynthesis| | Production Consumpt‘i(_)n %
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R €9: | fe00H[FeCO, 2 04 10
L |Reservoir| oy olcH,0
S0, HS
CO,|CH,
Storage N,NH,
CO,|CH, 810
Vs:l/// pE’(W)|K cal/Equiv.
Heat

v

Fig. 15. Bivgeochemical cycling of redox-sensitive elements (after Stumm and Morgan. 1996).
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Table 4. General sequence of redox reactions.
Sequence Reaction Equation
1 O, consumption (respiration) CH,0 + 0, =C0O, + H,0
2 Denitrification SCH,0 + 4NOy + 4H* = 5CO, + 2N, + 10H,0
3 Production of soluble Mn(Il) 2CH,0 + 4MnQ, + 8H* = 2CO, + 4Mn** + H,0
3 Nitrate reduction 2CH,0 + NOy + 2H' =2CO0, + NH," + H,0
4 Production of soluble Fe(II) CH,0 + 4FeOOH + 8H' = CO, + 7TH,0 + Fe**
5 Fermentation 2CH,0 + H,0 = CO, + 2CH;0H
5 Sulfate reduction 2CH,0 + SO,> + H* = HS™ + 2CO, + 2H,0
5 Methane fermentation 2CH,0 =CH, + CO,
Table 5. Relative weathering rates of minerals (after
1.0 . Drever, 1997).
. Time (year) taken for complete weathering of
Mineral . .
a mineral sphere (diameter = 1 mm)
0.5 A Quartz 34,000,000
S Fe(OH), Kaolinite 6,000,000
5 Muscovite 2,600,000
0.0 - Epidote 923,000
Microcline 921,000
Biotite 900,000
0.5 FeCOy(Peor=1) ) Albite 575,000
FeCO,(Pc,=107) Andesine 80,000
J J ! T Enstatite 10,100
2 4 6 8 10 Diopside 6,800
pH Forsterite 2,300
Fig. 16. pH-Eh relation of the Fe-O-H,0-CO, system at Dolomite 1.6
25°C (after Drever, 1997). Calcite 0.1

Ak (@l 0y, NOs, MnQ,, Fe-(Hydro)oxides)2] %
o] FH-& AN g, wEkA AsiAe] g,
F7129 T, AR, vAEe] E4) Tl o
3 Aakpe] Absl/ak ezt AAdE
ojxlslErAe] )F AR, 2 FAME Uled HE
o) JEeliA By, AdslRdukgel ojsle) "o g7t
| SNEEER AP 5 g7] "iiel Fasicixn
Utk 583 =2 pHeF @& Eh $Aolx=
’ét BAERE, & v M(sderite)e 2 HHT
. 53] olakgletie] H3o] wolA|e A=
%é"*«] B2 WolAH(Fig. 16), 27 A
7Fs/do] EokAiAl "ok 1enE FHMe] HHE &
58 F e Ast A 7ol 2T o ikslg

Ao AFHE RS 7}9 Z rh,

A
o_|>

3.6 HIS&ETE
olatalelsr 2| F M pEsord ® shis) F
83k A-rslEkE Algle] WS &mol Fajoin), w4
2]

F ARs ealelges) Ao Qo) MeSmE A

71&e) AL 7heAs 84S AAse 7P 8%
f.40)7] wFeln), o]itsigks R|F AR-S o] g
Ads] 98 7170 b E@AE Xzhof] M=
o}, olitslgAs e seEdle sehig-
Aeks] =gl dojti(Table 5; Drever, 1997). &
TFAEEES] S BERE e E3lEe £
7F 43 wloll A gk v g},

Az A7} W) HEEES 2T o F

Z7M717) 918 @77k Bde) AWEE DoKX of

al, 2004, FALHEL Eike BEe] 83 g
ol

TEEES &3 whe
x| (batch) 4E-E o83 A7t Sas] W3hxe] st
T 92 279 NSErE ¥ EA FEs mar =
7FsRAIRE, AfzRo] $E-3) 7414 *aL o] gajnre &
Sa= Aol 7HgA wgsle A oelx AUckFg.
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Fig. 17. Change of dissolution rates of silicate minerals. a) Dissolution types determined from batch experiments, b)

Dependency of dissolution rate on pH (after Drever, 1997).

1.5
Rate independent of ST
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8 7
o
=
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Fig. 18. Dissolution rates of Na-plagioclase (after Drever,
1997).

17a; Drever, 1997). ojol] djsle, “HAE 2x4-Eo]
e BWe Bejggoai wedno) 7k
o] Zadithy Ywix gt} e ol ol
ol&x} t}2 HY B WiEIE SAtH(Berner
and Holdren, 1977, 1979). &, 23F%Eo] 1333-&2
Trel YEEA] o, 2719 whgEEe] FAS F
7He AdapoA 42 v4(crushing 2 AE
(milling)dt Az} vAl FEUAIe] BHHo| ot
A= g7t we] Bt diizolgis s o|ch(Drever,

1997). PR7IA 2, olaksbeda: A F A& 84E &
o7] SjEiME s FEe) BRAS FHITE ikl

o] EAEojop g},

F2e] AkdREe] 88l whE A At W=
o] gafukgo] Hyel X viHe de B8l
pHell wiz} wislshch(Fig. 17h). &, pH7F @& o
e pH7 Z7FHrE fa)dsE 7hAaskA Rl o
pH ool pH Z7lol ulel &7k, a}am

2

X
41 20

AggEe gk Sl TR e AL

2 N5 ok 7] 92 FE FHoAM ol

23} FE(complex)S 2=t AN (] 20), o] HH&

o] &re= Wy 71 et} OI'Q wee BEYH
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A =2
WAl 21, 371 A0E Qe ) A
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I, FAHdEEe] Raiut-go] HY 7PIAH 3
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Hh2-o] YRS TH(Table 3 FR). o] Aol FAMES
o Hhg-&w= tart o] el 4 vk 22)

rate = K [1-exp(AGR/6RT)]
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&l 21)

@ 22)
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9] £ Rt} 3% WEH exp(AGR/ORT)E 0.030]H,
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